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Interplanetary Network Directorate “At a Glance”
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Deep Space Network (DSN)

Unique global facilities that communicate with and 

track spacecraft beyond Earth orbit

Recommendation for Space Data System Standards 

BLUE BOOK 

TM SYNCHRONIZATION 
AND CHANNEL CODING

RECOMMENDED STANDARD

CCSDS 131.0-B-2

August 2011

Recommendation for Space Data System Practices 

MAGENTA BOOK 

SECURITY
ARCHITECTURE FOR 

SPACE DATA SYSTEMS 

RECOMMENDED PRACTICE 

CCSDS 351.0-M-1 

November 2012 

Report Concerning Space Data System Standards 

GREEN BOOK 

REFERENCE
ARCHITECTURE FOR 
SPACE INFORMATION 

MANAGEMENT

INFORMATIONAL REPORT 

CCSDS 312.0-G-1 

March 2013 

JPL Standards Program

Negotiate international engineering standards for 

communications, tracking, and mission operations

S X Ka

JPL Spectrum Program

Manage radio emissions at and near JPL facilities

DSN science instrument development

Use of DSN as a science instrument

Communications and navigation technology

End-to-end responsibility

Advanced Multimission Operations System 

(AMMOS)

Multimission tools and services – core of mission 

ground (and beyond) data systems including

JPL Directorate responsible for

Planetary Data System (JPL nodes)

Unified repository and tools for science data



The Deep Space Network

NASA’s Connection to the Moon, Planets, & Beyond

Captures all information from our

spacecraft

Most sensitive receivers

Sends all instructions to them

Most powerful transmitters

Provides most of the

navigation

Most stable clocks and

best algorithms

Enabling more than

30 spacecraft in

flight today
DSN 70m 

Antenna at 

Goldstone, 

California
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Space Loss

• All else being equal, 

communications 

performance is inversely 

proportional to distance 

squared

PR/N0 = constant / d2

• Need to overcome this 

problem of physics to be 

successful in deep space

Relative Difficulty

Place Distance Difficulty

Geo 4x104 km Baseline

Moon 4x105 km 100

Mars 3x108 km 5.6x107

Jupiter 8x108 km 4.0x108

Pluto 5x109 km 1.6x1010

Why Telecom is Hard

Performance ~ 1/distance2
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Continually Enabling Missions
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1st flyby of 

Mars

1st gravity assist to 

visit multiple 

planets:  Mercury 

and Venus

1st close-up 

study of outer 

planets

Jupiter 

orbiter
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TV relayed 

by satellite

1st Mini 

Computer

1st Cell 

Phone

IBM PC 

Released

Internet 

made 

Public

1st Hand-Held 

GPS Receiver

iPhone 

Released

Discovery of 

1,000th planet

1st US 

Spacecraft to fly 

by the Moon 

Performance has improved by 1013 so far

If the data returned in one second in 1959 was 

equivalent to one English word, then the data 

returned in one second today would equal twice 

the number of words in all the books in the Library 

of Congress
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Deep Space Navigation
• Steering a probe to its destination is often a critical problem

• Measurements of the communication links provide much of the data 
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2020
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1960 1970 1980 1990 2000 2010

Year

Mariner 2 - Venus

Mariner 4 - Mars

Mariner 6,7 - Mars

Viking - Mars

Voyager - Uranus

Magellan - Venus

Mars Observer
Mars Polar Lander

Mars Odyssey

MER/MRO  Mars

MSL -

MarsDoppler Range ∆VLBI

Wideband

∆VLBI RSR/VSR

Mariner 9 - Mars
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Expected Growth in Data from Deep Space

We must increase DSN capability by close to 10X per decade enable future missions

Average Maximum Mission Downlink

Least squares fit to multiple modeled possible mission sets
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Optical Comm – Planned Psyche Demo
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The future is bright – and crowded

• We enable dozens of operating missions: in deep space and Earth orbit

• We will send astronauts beyond low Earth orbit

• We will do ground-breaking direct science using our unique facilities 

You’re not going anywhere without us!

Introduction to IND

Voyager 1 & 2 Dawn Cassini New Horizons Geotail Mars Odyssey Curiosity Opportunity

MOM

Mars 

Reconnaissance 

OrbiterMars ExpressMAVENJUNO Planet-CLRO XMM ARTEMIS

Chandra MMS
STEREO 

A & B Wind DSCOVR SPITZER SOHO Kepler Hayabusa-2 ACE

EXOMARS 

2016



Strategic Partnership Between ISRO and IND

• For nearly a decade, IND has been 

collaborating with ISRO

– Tracked the Chandrayaan lunar mission in 2008

– Currently supporting Mars Orbiter Mission

(MOM)

• About to enter a third extension period

• Planning future support for 

– Chandrayaan-2

– Aditya solar observer

– ISRO’s next planetary mission
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India’s deep space station among leading 

networks in the world
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ISRO is among leading agencies in deep space communications

ISRO can further contribute to the community by participating in 

international CCSDS (standards) and IOAG (cross-support) meetings



Benefits of Our Strategic Partnership

• Cost Benefits

– Meet redundancy requirements for critical events and navigation 

by utilizing assets of partner agency

• Mission Benefits

– Quick response to reduce risks

– Enable or enhance science

• Collaborative Benefits

– Foster international collaboration to benefit science communities

– Share valuable experience

– Share in discoveries and excitement
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